Aeromonas species were isolated from 208 of 34,311 (0.61%) fecal samples submitted to a Regional Public Health Laboratory in The Netherlands. Aeromonas isolates were found most frequently in summer and rarely in winter. Of 169 Aeromonas isolates that were available for further study, 19% were isolated from patients with a mixed infection, 5% from patients with underlying diseases, and 15% from patients who used medication that could predispose the intestinal tract to colonization with Aeromonas species. Aeromonas species that produced cytotoxins to Vero cells (cytotoxigenic) were found in hybridization groups 1 (11% of all isolates), 2 (1%), 3 (2%), and 8 (25%) and were identified phenotypically as A. hydrophila or A. sobria. Aeromonas species that did not produce cytotoxins to Vero cells (noncytotoxigenic) were found in hybridization groups 4 (57%) and 5A (4%) and were identified phenotypically as A. caviae. Distribution of Aeromonas species by age showed a predominance of noncytotoxigenic strains in children under the age of 5 years (46% of all noncytotoxigenic strains), while cytotoxigenic strains were mainly cultured from patients aged 50 years or older (54% of all cytotoxigenic strains). Significant correlations were found between cytotoxigenic strains and hospitalization, foreign travel, and contact with surface water. Cytotoxigenic strains were isolated significantly more often than noncytotoxigenic strains from patients with diarrhea, but in a multivariate analysis including age, previous medication, underlying disease, and foreign travel, this association was not significant.
enterotoxins by these Acroînonas species has been considered as a virulence marker for enteropathogenicity (5, 6. 10, 17, 21, 26) . The absence of outbreaks of Aeronionas speciesassociated diarrhea and the report that only 2 of 57 healthy volunteers developed diarrhea after oral administration of a high dose of enterotoxin-producing Aeroinonas strains foster doubts as to the enteropathogenicity of Aeromnonas species (30) .
Problems in assessing the clinical significance of AeronmonIas species have been greatly compounded by the inability to correctly identify Aeroinonas species. Seven Aeroînonas species have been identified on the basis of biochemical characteristics and polynucleotide sequence relatedness: A. hvdrophila, A. sobria, A. caviae, A. sa/inonicida, A. niedia, A. veronjii, and A. schberrtii (1, 13, 14, 34 [1] [2] 1986 ). In addition. some as yet unnamed DNA hybridization groups (HG) are phenotypically inseparable from named species (22) .
Members of 5 of Il hybridization groups recognized within the genus Aeroinonas have been found in human 8 Corresponding author. feces, and these belong to groups 1 (genospecies, A. hydrophila). 2 (unnamed). 3 (A. sa/nonlicida), 4 (A. caviar), 5 (A. mediaa. and 8 (A. verronii) (15, 22) . These reports serve to emphasize the problem of identifying Aeroinonas species, since other studies indicate a high isolation rate of phenotypically identified A. sobria (HG 7) strains for human feces (8. 17. 27. 31) .
We biochemically and genetically characterized Aeromnonas strains recovered from human fecal samples that were submitted to the Public Health Laboratory in Tilburg, The Netherlands, over a 5-year period.
MATERIALS AND METHODS
Isolation and phenotypic identification of Aeromonas strains. The Regional Public Health Laboratory in Tilburg, The Netherlands, serves an area with 600,000 people and receives specimens for bacteriological investigation from general practitioners as well as from four general hospitals. Between 1 June 1982 and 31 May 1987, we cultured al fecal samples (n = 34,311) submitted to our laboratory for Aeromnonas identification. Specimens were diluted in 0.9% NaCI (1 g/10 ml), and 5 pl of this solution was inoculated onto sheep blood agar containing 10 1tg of ampicillin per ml (10) . After 48 h of incubation at 37°C, all oxidase-and catalasepositive gram-negative rods which reduced nitrates, fermented mannitol, and did not grow in broth containing 6%c NaCI were identified further by using conventional biochemical methods. Aeromnonas isolates were identified to the species level by using biochemical tests recommended by Popoff(34) and Janda et al. (17) . Extracellular production of hemolysins to rabbit erythrocytes and cytotoxins to Vero cells was also determined (22 (Fig. 1 ) showed a predominance of noncytotoxigenic strains in children under the age of 5 years (461% of all noncytotoxigenic strains), while cytotoxigenic strains were mainly cultured from patients aged 50 years or older (54% of all cytotoxigenic strains; Table 1 ). In all age groups, diarrhea was more frequent in patients with cytotoxigenic strains than in patients with noncytotoxigenic strains. Aeromonas strains in individuals with and without diarrhea were distributed equally among males and females in al age groups.
A strong association was observed ( Table 3 . Two weeks after primary culture, al repeat fecal cultures (n = 38) were negative for Acromnonas strains (23 noncytotoxigenic and 15 cytotoxigenic strains).
Cytotoxigenic strains were more frequently present in fecal samples of patients with traveler's diarrhea than were noncytotoxigenic strains (X2 = 4.26, P < 0.05) ( Tables 1 and  2 ). Of 10 patients with traveler's diarrhea, seven traveled to (36) 28 (32) 2 (7) 6 (22) of these patients, Aetrotiotiais strains were also isolated from blood ( The relationship between DNA HG and clinical symptoms of gastrointestinal infection is shown in Table 4 . It was assumed that Act oiîtnonas strains were not the causative agents in cases of mixed infection. Strains from HG 3 (100%Î), 8 (78%), and 1 (73%) were isolated more frequently from patients with Aeroinonas species-associated gastroenteritis than from healthy individuals or from patients with mixed infections. Strains from HG 4 (53%) and 5A (50%) were isolated approximately equally from patients with Aeroinonas species-associated gastroenteritis, from healthy individuals, and from patients with mixed infections. The single strain from HG 2 was isolated from a patient with a mixed infection.
To study the relationship between cytotoxigenic strains with diarrhea more carefully, the data from Tables 1 and 2 were separated into 24 categories for a log-linear analysis (6.2 samples per cell, including a delta factor of 0.5) with four variables: age (0, 1 to 49, and >50 years), predisposing factors (present and absent), cytotoxigenic strains (positive and negative), and diarrhea (present and absent). The significant association between cytotoxigenic strains and presence of diarrhea was absent in the multivariate analysis (x2 = 1.43, P = 0.23), apparently due to influence of two confound-
on October 28, 2017 by guest http://jcm.asm.org/ Downloaded from ing factors, age and predisposition. Correlations remained significant between diarrhea and age (X2 = 6.68. P = 0.04). between cytotoxigenicity and age (X2 = 16.01. P = 0.000).
and between predisposing factors and cytotoxigenicity (X-= 7.20, P = 0.002).
DISCUSSION
Aerotimonas species were isolated from 208 (0.61%) of 34,311 fecal samples submitted to the Public Health Laboratory in Tilburg, The Netherlands, an isolation rate comparable to those in France (0.67%W-) and Denmark (0.18%c), but significantly lower than those in United Kingdom (3.8%). the United States (7.4%c), and Austria (>10%c) (4, 10, 23, 28. 31 ). The reported rates may reflect actual differences or may be influenced by the selection of patients and differences in culture media. Various selective media have been compared for isolation of Aeroinonas species from human feces, and sheep blood agar plates with ampicillin appear the most sensitive (18, 29, 31) . Therefore, it is unlikely that our culture method was responsible for a low isolation rate.
The nomenclature of Aeronzonzas species is quite confusing and may have given rise to discrepancies in clinical interpretation of isolates from human feces due mainly to the inability to distinguish phenotypically among the DNA HG (genospecies). We sobria, and HG 7, which is A. sobria, was not found in human feces in this or a previous study (15) . Some Aeromnonas species produce a variety of extracellular substances, including hemolysins, cytotoxins, and enterotoxins (26) . These have been considered as virulence markers for enteropathogenicity (5, 6, 35, 37) . We found strains from HG 1, 2, 3, and 8 to produce cytotoxins to Vero cells. Subsequently. these strains were classified as cytotoxigenic strains. Noncytotoxigenic strains have not been considered to be enteropathogenic, but enteropathogenic mechanisms other than toxin production have not been studied extensively (24, 32 The presence of watery diarrhea in 57% of patients with cytotoxigenic strains suggests enterotoxin involvement. We could not demonstrate Aeroinonas-specific cytotoxins in fecal samples, despite the presence of cytotoxic effects in 8 (31%) of 26 fecal samples containing cytotoxigenic strains. It is possible that cytotoxic enterotoxins of other enteropathogenic bacteria caused diarrhea in these patients, especially since stools from 7 (12%) of 56 patients with noncytotoxigenic strains in their feces also produced fecal cytotoxic effects. It is also possible that either our cytotoxin-neutralizing assay is not sufficiently sensitive to detect fecal Acronionas cytotoxins or the cytotoxic effects are nonspecific. We did not investigate the presence of cytotonic toxins in fecal samples. although Aeronmonas enterotoxins have also been described as cytotonic (6, 35) .
We found two patients with Aeroinonas bacteremia caused by cytotoxigenic Aeronmonas strains. One of these patients suffered from an underlying illness (prostatic carcinoma with metastases), and severe diarrhea was present before bacteremia occurred in both patients. The occurrence of Aertoeino(nas bacteremia caused primarily by cytotoxigenic strains in patients with underlying illnesses has also been described (16, 19. 36, 38 (33) .
It is possible that the presence of Aeroinonas species in the intestinal tract reflects the occurrence of an opportunistic pathogen attacking an intestine predisposed to infection by a lack of (local) immunity, by an enteric pathogen, by medication, by an underlying disease, by an alteration of the normal enteric flora, or by nutritional factors. This hypothesis is supported by the finding that 66 of 169 (39%) Aeronionas isolates were from patients who had either a mixed infection or an underlying disease or who used prior medication that could predispose the gastrointestinal tract to colonization with Aeroinonas strains. The age-related occurrence of Acroinonas species-associated diarrhea suggests that host immunity to Aeroinonas species is acquired at an early age but may be lost in later life, since fecal Aeroinonas VOL. 27, 1989 on October 28, 2017 by guest http://jcm.asm.org/ Downloaded from strains were frequently found in children less than 1 year of age (28%, of Al noncytotoxigenic isolates) and in adults aged 50 years or older (54%c of al cytotoxigenic isolates). Hospitalized patients with cytotoxigenic strains were predominantly elderly people with an underlying illness, whereas most hospitalized patients with noncytotoxigenic strains were younger than 6 months of age. In young children, it is difficult to dismiss the possibility that noncytotoxigenic strains are pathogenic (2) .
Initial analysis of our results suggested a significant association between cytotoxigenic strains and clinical symptoms of diarrhea. Log-linear analysis showed that the positive correlation between cytotoxigenic strains and the presence of diarrhea was not significant, due to interaction with two variables, age and predisposing factors. Although these variables have been recognized by other investigators. multivariate analysis was never used to study relationships among them. Our results suggest that Aeronzoiuas speciesassociated diarrhea cannot be attributed solely to known virulence properties of the bacteria but that it is also strongly associated with host factors. This might explain why only 2 of 57 healthy volunteers developed diarrhea after oral administration of high doses of Aeromnonas strains (30) .
